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EXECtmVE  SimAHY 


This  study  was  undertaken  to  assess  the  effects  of  the  opera- 
tion of  Hungry  Horse  Dam  on  the  kokanee  fishery  in  the  Flathead 
River  system.  Studies  concerning  operation  of  the  dam  on  Flathead 
River  fisheries  began  in  1979  and  continued  to  1982  under  Bureau  of 
Reclamation  funding.  Studies  concerned  specifically  with  kokanee 
salmon  continued  under  Bonneville  Power  Administration  funding  in 
1982.  This  annual  report  covers  the  1983-84  field  season  con- 
cerning the  effects  of  Hungry  Horse  operations  on  kokanee  abundance 
and  reproductive  success  in  the  upper  Flathead  River  system.  This 
report  also  addresses  the  projected  recovery  of  the  main  stem 
kokanee  run  under  the  flow  regime  recommended  by  the  Department  of 
Fish,  Wildlife  and  Parks  and  implemented  by  the  Bureau  of 
Reclamation  and  Bonneville  Power  Administration  in  1982. 

An  estimated  58,775  kokanee  reached  spawning  grounds  in  the 
Flathead  River  System  in  1983.  An  average  of  70,528  kokanee  have 
reached  Flathead  River  system  spawning  grounds  annually  over  the 
past  five  years.  An  estimated  16,279  kokanee  spawned  in  the  main 
stem  Flathead  River  during  1983,  which  is  the  second  largest  run  of 
any  of  the  last  five  years.  The  South  Fork  of  the  Flathead 
supported  a  very  strong  spawning  run  of  5,170  fish.  An  estimated 
1,688  kokanee  spawned  in  the  Whitefish  River.  A  trend  count  of 
34,306  spawners  was  recorded  for  McDonald  Creek. 

The  length  of  kokanee  in  the  Flathead  system  is  dependant  on 
the  density  of  the  population,  so  length  is  a  measure  of  year  class 
strength.  Relationships  of  year  class  strength  and  past  flow 
conditions  in  the  main  stem  were  highly  significant  from  1966-83 
(r=0.93,  p<.001).  The  predicted  length  of  1983  female  spawners 
from  this  relationship  (363  mm)  agreed  closely  with  the  actual 
length  of  females  in  the  1983  spawning  run  (364  mm),  demonstrating 
the  strength  of  the  relationship.  The  1983  spawning  run  was  com- 
posed of  92%  age  III+  fish,  as  compared  to  an  average  of  80%  from 
1972-1983. 

A  total  of  6,883  kokanee  redds  were  enumerated  in  the  main 
stem  Flathead  River  in  1983.  The  timing  of  spawning  was  earlier 
than  in  previous  years  of  the  study,  resulting  in  the  dewatering  of 
857  redds,  which  were  constructed  before  controlled  flows  went  into 
effect  on  15  October. 

At  Brenneman's  slough  spawning  area,  314  kokanee  constructed 
174  redds,  yielding  a  ratio  of  1.80  fish  per  redd.  The  average 
spawner-redd  ratio  over  the  two  years  this  has  been  studied  is  2.4 
fish  per  completed  redd.  A  substantial  portion  of  kokanee  spawning 
occurred  in  daytime  spawning  study  areas  in  1983.  Daytime  redd 
construction  and  egg  deposition  averaged  26%,  with  74%  occurring  in 
the  night  areas. 

A  total  of  2,366  man-days  of  angling  pressure  was  estimated 
during  the  1983  kokanee  lure  fishery  in  the  Flathead  River  system. 
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Anglers  harvested  an  estimated  4,234  kokanee  (7%  of  the  spawning 
run)  at  a  catch  rate  of  0.61  fish  per  hour.  Most  of  the  harvest 
occurred  in  September,  and  most  anglers  interviewed  were  from 
Flathead  County. 

Estimated  numbers  of  fry  emigrating  from  McDonald  Creek,  the 
Whitefish  River  and  Brenneman's  Slough  were  13,100,000,  66,254  and 
37,198,  yielding  egg  to  fry  survival  rates  of  76%,  10.4%  and  19.2%. 
Egg  to  fry  survival  rates  calculated  for  eyed  eggs  planted  in  two 
main  stem  spawning  areas  averaged  48%. 

Kokanee  fry  movement  experiments  indicated  that  fry  move 
rapidly  downstream  through  the  river  system  during  nighttime 
periods  after  emigrating  from  McDonald  Creek.  During  lower  flow 
periods  most  fry  reach  the  Flathead  River  near  Kalispell  (55  km 
downstream)  during  the  second  night  of  travel.  During  moderate 
flow  levels  in  early  May,  fry  from  McDonald  Creek  reached  Kalispell 
in  one  night  of  travel  and  passed  into  Flathead  Lake  (100  km  down- 
stream) from  McDonald  Creek  during  their  third  night  of  travel. 

Timing  of  the  recovery  of  the  main  stem  kokanee  run  will  be 
affected  by  fluctuations  in  natural  reproductive  success.  Average 
conditions  are  estimated  to  be  20%  egg  to  fry  survival,  2.0%  fry  to 
adult  return,  and  a  10%-50%  shifting  harvest  rate  after  the  popula- 
tion reaches  50,000  fish.  Under  these  conditions  the  population 
would  recover  to  a  f ishable  level  by  1993  and  to  levels  approaching 
the  management  goal  shortly  after  the  year  2000. 
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INTRQDOCTION 


Kokanee  salmon  (Oncorhynchus  nej&fi)  were  first  introduced  to 
the  Flathead  system  in  1916  (Montana  Fish  and  Game  Commission  1918, 
Alvord  1975)  and  a  thriving  kokanee  fishery  had  developed  by  the 
early  1930's  in  Flathead  Lake.  Kokanee  became  the  most  popular 
gamefish  in  the  drainage,  supporting  a  summer  trolling  fishery  in 
Flathead  Lake  and  until  1983,  an  intense  fall  snagging  fishery  in 
the  Flathead  River  system.  Kokanee  comprised  about  90  percent  of 
the  total  harvest  of  719,000  fish  in  the  Flathead  Lake-River  system 
during  the  1981-82  season  (Graham  and  Fredenberg  1982,  Fredenberg 
and  Graham  1982).  Over  80  percent  of  the  gamefish  harvested  in  1975 
were  kokanee  salmon  (Hanzel  1977).  Anglers  from  most  of  the 
western  United  States,  Alberta  and  British  Columbia  have  taken  part 
in  the  Flathead  Lake  trolling  and  river  snagging  fisheries.  The 
river  snag  fishery  was  closed  in  1983  to  protect  the  reduced 
spawning  population. 

Hungry  Horse  Dam  was  constructed  on  the  South  Fork  of  the 
Flathead  River  from  1948-1953.  Located  8  km  upstream  from  the 
mouth  of  the  South  Fork,  the  dam  is  operated  primarily  for  flood 
control  and  hydroelectric  energy  production.  Electrical  energy 
produced  from  the  operation  of  Hungry  Horse  is  marketed  by  BP  A. 
Penstocks  are  located  75  m  below  the  crest.  At  present  peak 
capacity,  the  powerhouse  produces  328  Megawatts  at  a  rated  flow 
capacity  of  11,417  cfs.  Operation  of  Hungry  Horse  is  determined  in 
concert  with  the  complex  network  of  electrical  energy  producing 
systems,  water  consumption  needs,  and  flood  control  requirements 
throughout  the  Pacific  Northwest.  Water  leaving  Hungry  Horse 
passes  through  19  dams  before  reaching  the  Pacific  Ocean. 

Kokanee  spawning  in  the  South  Fork  and  main  stem  have  been 
affected  by  operation  of  Hungry  Horse  Dam.  Kokanee  spawn  in 
shallow  areas  with  moderate  water  velocities.  In  large  rivers  like 
the  Flathead,  kokanee  spawn  primarily  along  stream  margins  and  in 
side  channels.  Vertical  water  level  fluctuations  of  over  two 
meters  in  the  South  Fork  and  up  to  1.4  m  in  the  main  stem  have 
resulted  in  alternate  wetting  and  dewatering  of  eggs  when  flows 
were  high  during  the  spawning  season  and  low  during  the  incubation 
season.  Eggs  deposited  in  spawning  gravels  which  are  dewatered  are 
subject  to  dessication  and  freezing  mortality.  Dewatering  of 
kokanee  spawning  beds  was  first  recognized  in  the  mid  1970's 
(Domrose  1975).  Heavy  incubation  mortality  resulting  from  de- 
watering  has  probably  been  the  most  important  factor  affecting  year 
class  strength  in  Flathead  kokanee  (Graham  et  al.  1980,  McMullin 
and  Graham  1981,  Fraley  and  Graham  1982,  Fraley  and  McMullin  1983). 
The  main  stem  kokanee  spawning  run  has  declined  from  an  estimated 
post-harvest  level  of  over  150,000  fish  in  1975  to  an  average  of 
9,400  fish  during  the  last  five  years  (Fraley  and  Graham  1982, 
Hanzel  1977).  The  spawning  run  from  1979-1983  is  less  than  10%  of 
the  management  goal,  represented  by  the  1975  run. 
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Studies  conducted  by  Department  of  Fish,  Wildlife  and  Parks 
from  1979  to  1982  under  Bureau  of  Reclamation  funding,  have 
resulted  in  flow  recommendations  for  the  main  stem  of  3500-4500  cfs 
during  the  kokanee  spawning  period  (15  October  -  15  December)  and 
3500  cfs  or  more  during  the  remainder  of  the  year  (Fraley  and 
Graham  1982).  Montana  Department  of  Fish,  Wildlife  and  Parks 
studies  continued  under  Bonneville  Power  Administration  funding  in 
1982  and  1983  with  major  emphasis  on  fine  tuning  the  flow  recom- 
mendations in  the  main  stem  Flathead  River,  monitoring  their  effect 
on  kokanee  reproduction  and  recommending  management  strategies  to 
bring  about  the  recovery  of  the  main  stem  kokanee  spawning  pop- 
ulation.   Major  objectives  of  the  study  are: 

1.  Continue  to  develop  the  stock  recruitment  relationship 
begun  in  1979  for  kokanee  in  the  river  system  (Graham  et 
al.  1980b). 

2.  Quantify  effects  of  the  amount  and  timing  of  controlled 
flows  on  distribution  and  reproductive  success  of  kokanee 
in  the  reregulated  portion  of  the  Flathead  River.  Deter- 
mine the  relative  contributions  of  day  and  nighttime 
spawning. 

3.  Determine  relative  contributions  of  major  river  system 
spawning  areas  to  total  kokanee  population. 

4.  Identify  timing  and  destination  of  successive  runs  of 
kokanee  s pawners  in  the  Flathead  River  and  their  use  by 
fishermen,  and  determine  if  timing  is  affected  by  dis- 
charge from  Hungry  Horse  Dam. 


DESCRIFmm  OF  STUD?  MZEA 

The  Flathead  River,  which  drains  21,876  km^  of  southeast 
British  Columbia  and  northwest  Montana,  is  the  northeastern  most 
drainage  in  the  Columbia  River  basin  (Figure  1).  Three  forks  of 
approximately  equal  size  drain  the  west  slope  of  the  Continental 
Divide. 

Kokanee  salmon,  westslope  cutthroat  (Salmo  clarki)  and  bull 
trout  (Salvelinus  confluentus)  are  the  three  major  sport  fish  in 
the  Flathead  River  (Hanzel  1977).  Cutthroat  and  bull  trout  are 
native  to  the  Flathead,  but  kokanee  were  introduced.  In  1916, 
500,000  chinook  salmon  eggs  obtained  from  the  Oregon  Fish 
Commission  were  reared  in  the  Flathead  Lake  Hatchery  and  the  fry 
were  stocked  in  several  area  lakes  (Montana  Fish  and  Game 
Commission  1918).  In  subsequent  years,  mature  kokanee  salmon  or 
"redfish"  were  netted  in  Lake  Mary  Ronan  and  Flathead  Lake; 
apparently  they  had  been  mixed  in  with  the  chinook  salmon  eggs. 
Kokanee  populations  became  established  in  Flathead  Lake  and  con- 
tinued to  grow.  By  1933,  a  kokanee  trolling  fishery  was  underway 
on  Flathead  Lake.    That  fall  an  estimated  catch  of  100  tons  of 
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Figure  1.    The  upper  Flathead  drainage. 
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kokanee  was  canned  for  the  Montana  Relief  Commission.  Thousands  of 
kokanee  were  spawning  along  the  shores  of  Flathead  Lake  and  runs 
were  ascending  the  Flathead  River  System  (Alvord  1975,  Montana  Fish 
and  Game  Commission  1934). 

By  the  late  1930' s,  a  run  of  kokanee  had  become  established  in 
McDonald  Creek  (Fish  and  Wildlife  Service  1968)  and  probably  in  the 
Whitefish  River  and  spring  areas  in  the  main  stem  Flathead  River. 
The  kokanee  population  in  the  main  stem  continued  to  grow  from  the 
1960's  through  the  early  1970's.  This  growth  was  partly  associated 
with  flow  patterns  and  modified  temperatures  of  water  discharged 
from  Hungry  Horse  Dam*  During  the  mid-1960's,  local  residents 
first  noticed  large  numbers  of  kokanee  in  Beaver  and  Deerlick 
creeks  in  the  Middle  Fork  drainage.  Department  personnel  first 
observed  kokanee  spawning  in  the  MidcH<  Fori  >  r  the  Flathead  River 
from  McDonal  ;  Creel*  upstre?:^  ;i>   the  i  ■■■'.fee*" lick  Creek  in 

1981  o 

Other  fish  species  commonly  found  in  the  Flathead  River  in- 
clude rainbow  trout  (Salmo  gairdneri) ,  mountain  whitefish 
(Prosopium  williamsoni)  and  largescale  sucker  (Catostomus 
macrocheilus) .  Several  other  species  encountered  less  frequently 
include  brook  trout  fSalvelinus  fontinalis) ,  Yellowstone  cutthroat 
trout  (Salmo.  claxKi  bouvieri) ,  lake  trout  fSalvelinus  namaycush) , 
lake  wh !.'«*  m^:^A-.  .  .  '   1    ■■ /!i  5  -ifcefisfa  (MxmmMM 

coulter i),  and  northern  squawfish  (Ptychocheilus  pregonensis). 
Several  more  species  are  known  to  be  present  in  the  drainage,  but 
are  rarely  encountered  in  the  Flathead  River. 


METHODS 

ADULT  KOKANEE  MIGRATION  AND  ABUNDANCE 

Migration  and  abundance  of  kokanee  spawners  were  monitored  by 
snorkel  Lngs  aerial  census,  f  Lshei  man  tag  returns  of  marked  fishP 
and  redd  counts.  Kokanee  were  observed  by  snorkeling  in  the  North 
and  Middle  Fork  drainages.  Aerial  census  was  the  major  method  used 
in  :  ::  ateui  Flathead  and 

lower  Middle  Fork. 

Snorkeling  surveys  were  conducted  in  selected  areas  of  the 
-  ;   :':-v:;,o  ;  ;  Led:-i  and  the  North 

Fork  from  Kintla  Creek  to  Canyon  Creek  in  early  October,  1983. 
Snorkeling  counts  were  made  on  the  entire  length  of  McDonald  Creek 
six  times  between  early  September  and  mid-November,  1983.  Two 
observers  snorkeled  downstream  and  forced  kokanee  schools  upstream 
between  them.  Each  observer  reported  a  count  to  a  data  recorder 
following  behind  in  a  canoe.  The  two  counts  represented  the  high 
and  low  range  for  each  school  of  fish. 

Aerial  counts  of  kokanee  spawners  were  made  as  part  of  a 
fisherman  census  on  the  Flathead  River  from  Flathead  Lake  upstream 
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to  the  confluence  of  the  North  and  Middle  Forks.  These  aerial 
counts  were  also  made  on  the  Middle  Fork  below  West  Glacier.  A 
small  plane  carried  the  observer  at  an  elevation  of  approximately 
150  m  over  the  river  channel  and  counts  were  made  by  estimating  the 
size  of  schools  of  adult  spawners.  The  counts  were  made  approx- 
imately three  times  weekly  from  28  August  to  15  October  1983. 
Other  researchers  have  successfully  used  aerial  counting  methods  to 
enumerate  salmon.  Gibson  (1973),  Neilson  and  Geen  (1981)  and 
Church  and  Nelson  (1963). 

Kokanee  spawner  abundance  was  estimated  from  redd  counts  in 
all  segments  of  the  river  system  except  McDonald  Creek,  where  redds 
were  too  dense  to  be  enumerated  individually.  Abundance  was  esti- 
mated by  multiplying  redd  counts  by  an  average  figure  of  2.4 
spawners  per  completed  redd.  This  ratio  was  determined  by  compari- 
sons of  trap  counts  of  spawners  and  redd  counts  in  confined  areas 
in  1982  and  1983.  Areas  trapped  included  a  main  stem  spring  site 
and  Beaver  Creek. 


CENSUS  OF  THE  RIVER  SYSTEM  KOKANEE  FISHERY 

A  survey  of  the  kokanee  fishery  was  conducted  on  sections  MS1- 
MS4  of  the  main  stem  Flathead  River  and  section  MF1  of  the  Middle 
Fork  of  the  Flathead  River  from  28  August  through  15  October,  1982 
(Table  1,  Figure  2).  The  purpose  of  the  survey  was  to  determine 
catch  rates,  fishing  pressure,  harvest,  and  other  information  con- 
cerning the  lure  fishery  for  kokanee  salmon  in  the  main  stem  and 
Middle  Fork  from  late  August  through  early  October. 

The  fishery  or  creel  census  design  was  a  modification  of  the 
method  described  by  Neuhold  and  Lu  (1957)  and  used  by  Fredenberg 
and  Graham  (1982).  A  complete  description  of  the  methods  is  given 
in  the  1983  annual  report. 


SPAWNING  SITE  INVENTORY 

An  inventory  of  spawning  sites  or  redds  was  conducted  in  five 
major  spawning  areas  in  the  Flathead  River  system,  including  the 
main  stem  Flathead  (Figure  2),  Middle  Fork  of  the  Flathead,  Beaver- 
Deer  lick  Creeks,  Whitefish  River  and  South  Fork  of  the  Flathead  The 
inventories  were  made  when  spawning  was  considered  at  least  90 
percent  completed  in  each  area,  as  indicated  by  the  presence  of 
spawners . 

Spawning  and  incubation  flows  in  the  Flathead  River  below  the 
South  Fork  were  provided  during  the  1983  water  year  through  agree- 
ment with  the  Bureau  of  Reclamation  and  the  Bonneville  Power 
Administration,  as  recommended  to  the  Northwest  Power  Planning 
Council  by  the  Department  of  Fish,  Wildlife  and  Parks.  Spawning 
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Table    1.     Description  of  angler  survey  sections  on  the  mainstem  Flathead 
and  Middle  Fork  of  the  Flathead  River. 


River                 Section  length 
 Description   section  km  Miles 

Flathead  River  -  Flathead  Lake  to  MSI  36.0  22.4 

confluence  of  Stillwater  River 

Flathead  River  -  Mouth  of  Stillwater  MS 2  19.0  11.8 

River  to  Pressentine  Fishing  Access 

Flathead  River  -  Pressentine  Access  MS3  10.6  6.6 

to  Highway  40  Bridge  at  Columbia 
Falls 

Flathead  River  -  State  Highway  40  MS 4  23.3  14.5 

Bridge  to  confluence  of  North  and 
Middle  Forks 

Middle  Fork  of  Flathead  -  Confluence  MFl  21.7  13.5 

of  North  Fork  to  confluence  of 
Harrison  Creek 
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Fig.  2.    Map  of  major  kokanee  spawning  areas  and  creel  survey 
sections  on  the  Flathead  River. 
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flows  of  3,500  to  4,500  cfs  (at  Columbia  Falls)  were  maintained 
from  15  October  to  15  December.  A  minimum  flow  of  3,500  cfs  was 
maintained  from  16  December  to  30  April. 

Kokanee  redd  counts  were  made  in  mid-October  and  early  and 
late  November  in  the  Flathead  River  below  the  South  Fork.  All 
areas  which  had  suitable  spawning  gravel  were  checked  from  a  jet 
boat  or  by  wading. 

Surveys  of  spawning  activity  in  McDonald  Creek  were  made  while 
snorkel ing  from  September  to  November,  1983.  Actual  counts  of 
redds  were  not  made  due  to  the  density  of  spawners  and  redd  super- 
imposition. 

Kokanee  redd  counts  were  made  in  the  Middle  Fork  of  the 
Flathead  River  above  McDonald  Creek  on  1  November  1983.  The  Middle 
Fork  below  McDonald  Creek  was  surveyed  on  20  October.  Redd  counts 
were  made  in  both  Beaver  and  Deerlick  Creeks  on  5  December.  The 
Whitefish  River  was  surveyed  for  kokanee  redds  on  24  and 
25  October.  Redds  were  counted  in  the  South  Fork  of  the  Flathead 
on   7  November. 

s  to  enumerate  kokanee  spawners  were  placed  in 
Brenneman's  Slough  (main  stem  area  1),  Columbia  Falls  Slough  (main 
stem  area  $6),  Beaver  Creek,  and  Deerlick  Creek.  Numbers  of 
spawners  entering  these  areas  were  compared  with  the  numbers  of 
redds  constructed. 

Areas  of  gravel  in  four  main  stem  kokanee  spawning  areas, 
McDonald  Creek  and  Beaver  Creek  were  selected  for  diel  spawning 
studies.  In  areas  where  sufficient  spawners  were  present,  areas  of 
gravel  were  alternately  covered  and  uncovered  during  day  and  night 
periods.  Redd  construction  and  egg  deposition  were  compared  in 
areas  available  for  daytime  and  nighttime  kokanee  spawning. 
Behavioral  observations  were  also  made  throughout  the  spawning 
period  in  these  areas. 


BOS  INCUBATION  AND  ALEVTN  DEVELOPMENT 

Survival  and  development  of  kokanee  eggs  and  sac  fry  alevins 
was  monitored  in  natural  redds  throughout  the  winter  in  the 
Flathead  River  to  evaluate  the  effects  of  the  requested  spawning 
and  incubation  flows.  A  hydraulic  egg  sampler  (Graham  et  al.  1980, 
McNeil  1963)  and  kick  net  were  used  to  sample  natural  redds. 

Survival  and  development  of  eggs  and  alevins  were  also 
monitored  at  spawning  areas  in  the  Middle  Fork  Flathead  River, 
McDonald  Creek  and  the  Whitefish  River.  Two  areas  of  the  Middle 
Fork,  one  below  and  one  above  McDonald  Creek,  were  sampled  with  the 
kick  net.  A  2  km  portion  of  McDonald  Creek  was  sampled  with  the 
hydraulic  egg  sampler  and  kick  net  to  estimate  the  density  of  live 
eyed  eggs  and  sac  fry  alevins  in  the  gravel. 
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Egg  to  fry  survival  was  monitored  for  experimental  kokanee  egg 
plants  at  main  stem  area  13,  a  spring  influenced  site  near  Lybecks 
Dike,  and  main  stem  area  2,  a  side  channel  area  below  Kalispell 
(Figure  2).  These  areas  were  selected  for  experimental  recovery 
plants  because  they  had  been  high  quality  spawning  areas  in  the 
past,  but  had  been  virtually  unused  by  kokanee  from  1979-1983.  Two 
methods  of  planting  eggs  were  tested;  wire  mesh  planting  boxes  and 
artificial  redds,  each  supplied  with  1000  eggs.  Both  green  and 
eyed  eggs  were  planted  for  comparison  purposes.  Survival  in  sample 
redds  and  boxes  was  checked  monthly.  Egg  mortality  rates  for  each 
month  until  hatching  were  added  for  total  mortality. 


STREAMFLOW  —  KOKANEE  LENSES  RELATIONSHIPS 

Relationships  between  year  class  strength  of  kokanee  spawners 
and  flows  during  the  spawning  and  incubation  seasons  which  produced 
them  were  analyzed  (McMullin  and  Graham  1981).  Length  of  kokanee 
spawners  was  used  as  the  measure  of  year  class  strength,  assuming 
fish  size  was  inversely  related  to  fish  numbers  in  Flathead  Lake. 
Other  workers  have  reported  this  density  dependent  relationship  in 
sockeye  salmon  populations  (Foerster  1944,  Johnson  1965,  Goodlad 
1974,  Stober  et  al.  1978). 

The  majority  of  kokanee  spawners  entering  the  river  system  in 
a  particular  year  are  of  one  age  class  (Hanzel  1976).  However, 
interactions  with  other  year  classes  of  kokanee  can  affect  their 
growth.  To  account  for  year  class  interactions,  a  three-year 
moving  average  of  flow  conditions  was  used  in  the  calculations 
(Graham  et  al.  1980,  McMullin  and  Graham  1981). 


FRY  EMERGENCE  AND  MIGRATION 

Timing  and  abundance  of  emerging  fry  were  evaluated  using  0.5 
m2  drift  nets  suspended  in  the  water  column  and  fry  emergence  traps 
placed  over  the  spawning  gravel. 

Drift  nets  were  used  in  all  river  system  spawning  areas  to 
filter  swimming  fry  from  the  water  column  (Fraley  and  Graham  1982). 
A  fry  holding  box  (Figure  3)  was  added  during  1984  to  reduce  fry 
mortality  in  some  areas.  Net  sets  were  made  weekly  from  January  to 
mid-June  in  McDonald  Creek.  In  Brenneman's  Slough,  samples  were 
taken  from  February  to  mid-June.  Sets  were  made  in  the  Middle  Fork 
of  the  Flathead  near  West  Glacier  and  the  main  stem  near  Kalispell 
from  March  through  May.  The  Whitef ish  River  was  sampled  from  March 
to  June. 

Drift  nets  were  suspended  in  the  water  column  overnight  at 
each  area.  Fry  were  counted,  the  volume  of  water  filtered  by  the 
net  was  calculated  and  a  total  estimate  of  fry  emigration  from  each 
area  was  obtained.    These  data  were  used  to  estimate  production  and 
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egg  to  fry  survival  rates  from  each  area.  Distribution  of  fry  in 
the  water  column  was  evaluated  in  overnight  experiments  using  drift 
nets  distributed  laterally  and  vertically  in  the  water  column  in 
McDonald  Creek. 

Two  experiments  were  conducted  to  monitor  fry  movements  in  the 
river  system.  Two  groups  of  fry  were  captured  in  McDonald  Creek 
and  dyed  with  Bismark  Brown  stain  at  a  concentration  of  1:30,000 
(Ward  and  VerHoeven  1963).  Movements  of  these  fry  were  followed  by 
setting  drift  nets  at  the  junction  of  the  Middle  and  North  Forks  of 
the  Flathead  River  near  Blankenship  Bridge  (8  km  downstream),  the 
main  stem  Flathead  River  at  the  County  Bridge  below  Columbia  Falls 
(34  km  downstream)  the  Old  Steel  Bridge  near  Kalispell  (55  km 
downstream);  and  the  Sportsman  Bridge  near  Flathead  Lake(94  km 
downstream) . 

Fry  emergence  traps  (0.12  m^)  were  placed  in  river  system 
spawning  areas  to  help  determine  emergence  timing  and  abundance  of 
kokanee  fry  (Fraley  and  Graham  1982).  Phillips  and  Koski  (1969) 
used  similar  traps  in  Oregon  river  systems  to  capture  salmonid  fry. 
The  traps  consisted  of  a  nylon  net  and  metal  frame  with  a  nylon 
sock  and  plastic  collecting  bucket  to  capture  emerging  fry.  Frames 
were  attached  to  the  stream  bottom  with  rebar.  Ten  traps  were 
placed  in  main  stem  spawning  areas,  four  were  placed  in  McDonald 
Creek,  and  two  were  placed  in  the  Whitefish  River. 


RECOVERY  OF  THE  MAINSTEM  KOKANEE  POPULATION 

To  project  the  recovery  of  the  main  stem  kokanee  population, 
an  egg  to  fry  survival  rate  of  20  percent  and  various  fry  to  adult 
survival  rates  were  assumed.  A  20  percent  overlap  of  the  previous 
kokanee  year  class  was  assumed  and  the  number  of  returning  kokanee 
spawners  was  projected  for  each  year  from  1983  to  2033.  A  computer 
program  which  incorporated  the  above  assumptions  was  written  by 
Roger  Larson  of  the  Bureau  of  Reclamation  in  cooperation  with  the 
Department  of  Fish,  Wildlife  and  Parks.  The  program  was  calibrated 
with  kokanee  escapement  estimates  made  from  1979-1983. 


RESULTS  AND  DISCUSSION 

KOKANEE  ABUM3ANCE  AM)  MIGRATION 

Kokanee  Abundance 

One  of  the  major  objectives  of  the  study  was  the  assessment  of 
the  relative  contribution  of  various  river  system  segments  to  total 
kokanee  recruitment  to  the  Flathead  Lake  population.  Monitoring 
the  abundance  of  kokanee  in  areas  unaffected  by  Hungry  Horse  dis- 
charges such  as  McDonald  Creek,  the  Middle  Fork  of  the  Flathead 
River,  Beaver  Creek,  Deerlick  Creek,  the  Whitefish  River,  and  main 
stem  spring  areas  provides  a  reference  to  monitor  natural  fluc- 
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tuations  in  kokanee  populations.  An  estimated  58,775  kokanee 
spawned  in  all  segments  of  the  Flathead  River  system  in  1983  (Table 
2),  based  on  snorkel  counts  and  redd  counts. 


Mainstem  Flathead  River 

An  estimated  16,279  kokanee  spawned  in  the  main  stem  Flathead 
River  in  1983,  assuming  2.4  kokanee  per  completed  redd  (Table  2). 
More  kokanee  spawned  in  the  main  stem  in  1983  than  in  any  year  of 
the  study  except  1981. 


McDonald  Creek 

A  mean  snorkeling  trend  count  of  34,306  kokanee  was  obtained 
in  lower  McDonald  Creek  on  5  October  1983  (Table  3).  Kokanee 
numbers  dropped  during  later  counts,  indicating  peak  kokanee  migra- 
tion and  spawning  occurred  earlier  than  in  previous  years  of  the 
study  (Table  3).  Spawning  had  begun  by  mid-September  and  was 
virtually  completed  before  16  November  when  only  396  live  kokanee 
were  present.  The  total  number  of  kokanee  spawning  in  lower 
McDonald  Creek  in  1983  was  probably  nearer  the  upper  range  of  the 
trend  count  (38,000-40,000)  because  of  turnover  of  spawners  before 
and  after  the  peak  trend  count. 

Kokanee  spawned  in  upper  McDonald  Creek  (above  McDonald  Lake) 
during  1983,  as  2,100-2,500  fish  were  counted  on  2  November.  It  is 
not  known  whether  these  fish  were  from  Flathead  Lake,  or  from  a 
population  existing  in  McDonald  Lake.  The  kokanee  in  upper 
McDonald  Creek  averaged  15mm  larger  than  fish  collected  from  lower 
McDonald  Creek. 


Middle  Fork  of  the  Flathead 

An  estimated  1,330  kokanee  spawned  in  the  Middle  Fork  of  the 
Flathead  River  during  1983  (Table  2),  based  on  redd  counts  of  120 
above  McDonald  Creek  and  434  below  McDonald  Creek  (Appendix  A). 
Snorkel  counts  of  spawners  in  the  Middle  Fork  below  McDonald  Creek 
indicated  large  numbers  of  kokanee  bound  for  McDonald  Creek  were 
not  holding  in  this  river  section  as  they  had  in  previous  years. 
There  was  virtually  no  spawning  run  into  Beaver  or  Deerlick  Creeks 
in  the  upper  Middle  Fork  drainage;  only  one  redd  was  constructed  in 
the  lower  portion  of  Deerlick  Creek.  This  compares  to  a  count  of 
718  redds  in  Beaver  and  Deerlick  Creeks  in  1981,  and  42  redds  in 
1982. 


Whitef ish  River 

An  estimate  of  1,272  kokanee  spawned  in  the  Whitef  ish  River 
above  Rose  Crossing  (Table  2)  based  on  a  redd  count  of  530, 
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Table   3  .    Snorkel  counts  of  kokanee  in  McDonald  Creek  during  1983. 


Date 

Number  of 

kokanee 

Total  mean 

Low 
count 

High 
count 

Mean 
(live) 

Dead 

9/7/83 

4,845 

6,390 

5,618 

0 

5,618 

9/21/83 

11,092 

12,677 

11,885 

10 

11,895 

10/5/83 

30,360 

37,995 

34,178 

128 

34,306 

10/19/83 

22,327 

25,427 

23,877 

2,213 

26,090 

11/2/83 

6,370 

7,540 

6,955 

2,870 

9,825 

11/16/83 

377 

414 

396 

i 

396 

1  No  count  due  to  decomposition. 
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(Appendix  A).  An  estimated  326  kokanee  spawned  in  the  Whitefish 
River  below  Rose  Crossing.  An  additional  90  spawners  were  esti- 
mated based  on  a  redd  count  of  37  in  the  Stillwater  River  from  the 
confluence  of  the  Whitefish  River  to  Conrad  Drive. 


South  Fork  of  the  Flathead 

The  South  Fork  of  the  Flathead  supported  a  spawning  run  of 
5f170  kokanee  (Table  2)  based  on  a  count  of  2,154  redds 
(Appendix  A).  The  number  of  spawners  in  the  South  Fork  in  1983  was 
nearly  ten  times  greater  than  in  1981  or  1982.  It  is  possible  that 
some  straying  occurred  into  the  South  Fork  from  other  river  system 
segments . 

Kokanee  Migration 

The  rate  of  migration  and  distribution  of  kokanee  spawners  may 
be  influenced  by  river  discharge  and  temperature  and  may  affect  the 
recreation  potential  of  the  fishery.  Aerial  counts  of  kokanee 
aided  in  the  assessment  of  the  migration  patterns  in  the  river 
system. 

The  timing  of  kokanee  migration  in  the  Flathead  River  in  1983 
was  about  one  week  earlier  than  in  previous  years,  as  23  individual 
schools  of  fish  were  observed  in  an  aerial  count  on  31  August 
(Figure  4).  One  school  was  observed  as  far  upstream  as  the  Middle 
Fork  of  the  Flathead  River,  3  miles  below  McDonald  Creek. 

Few  kokanee  were  observed  during  aerial  counts  in  main  stem 
Section  MSI,  partly  because  of  water  depth.  However,  the  low 
numbers  of  fish  observed  and  limited  angler  success  indicated 
kokanee  were  not  holding  in  large  numbers  in  this  river  section. 
Low  numbers  of  kokanee  were  seen  periodically  in  aerial  counts  from 
late  August  to  mid-October  in  river  section  MS2,  reflecting 
periodic  upstream  migration  through  this  river  section.  No 
spawning  occurred  in  Section  MS2  in  1983.  Electrofishing  surveys 
in  this  section  near  Kalispell  confirmed  the  fact  that  no  large 
numbers  of  kokanee  held  in  this  area  of  the  river  during  1983. 

Aerial  kokanee  counts  were  greater  in  Section  MS3,  reflecting 
upstream  movement  and  moderate  numbers  of  kokanee  spawning  in  this 
section.  Counts  were  relatively  high  in  main  stem  Section  MS4. 
Large  numbers  of  kokanee  spawned  in  this  section,  and  migrating 
kokanee  bound  for  McDonald  Creek  periodically  held  in  the  area. 
Kokanee  numbers  peaked  in  late  September.  In  general,  larger 
numbers  of  kokanee  were  observed  in  the  main  stem  throughout  the 
1983  spawning  and  migration  period  than  were  observed  in  1982, 
reflecting  the  stronger  1983  year  class.  Good  survival  conditions 
and  lower  fishing  limits  for  this  year  class  are  probable  reasons 
for  the  increase  in  spawner  numbers. 

Aerial  counts  of  kokanee  peaked  in  mid-September  and  mid- 
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Fig.  4.      Aerial  counts  of  Kokanee  spawners  in 

sections  of  the  mainstem  and  Middle  Fork 
of  the  Flathead  River,  1983. 
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October  in  the  Middle  Fork  of  the  Flathead  below  McDonald  Creek 
(Figure  4).  The  earlier  peak  probably  represented  spawners  staging 
to  move  into  McDonald  Creek.  The  later  peak  represented  some 
staging  kokanee,  but  was  probably  composed  mainly  of  fish  which 
were  spawning  in  the  Middle  Fork. 


CENSUS  OF  THE  RIVER  SYSTEM  KOKANEE  FISHERY 

Mains  tern  Flathead  River 

The  traditional  river  system  snag  fishery  was  closed  during 
1983;  all  kokanee  anglers  used  lures  or  a  combination  of  lures  and 
corn.  The  fishery  on  the  main  stem  began  in  late  August,  when 
kokanee  spawners  moved  upstream  from  Flathead  Lake  into  the  "Salmon 
Hole"  area  of  the  river  below  Kalispell  (Section  MSI).  A  total  of 
88  angler  parties,  mostly  boat  fishermen,  were  contacted  in  the 
Salmon  Hole  area.  The  majority  of  the  anglers  (94%)  were  fishing 
for  kokanee  (Appendix  B). 

A  total  of  998  mandays  of  fishing  pressure  was  expended  by 
anglers  on  Section  MSI  from  27  August  through  September.  Anglers 
caught  kokanee  at  a  rate  of  0.49  fish  per  hour  and  harvested  an 
estimated  2,625  fish  from  this  river  section  (Appendix  B). 

Anglers  had  limited  success  in  Sections  MS2  and  MS3  as  the 
kokanee  run  progressed  upstream.  No  kokanee  were  caught  by  anglers 
interviewed  in  Sections  MS2  and  MS3.  Fishing  pressure  in  the  two 
sections  totalled  724  mandays  from  27  August  through  15  October. 
Most  of  the  angling  was  for  cutthroat  and  whitef ish;  only  20%  of 
the  anglers  contacted  were  fishing  for  kokanee  (Appendix  B). 

Only  273  mandays  of  angling  pressure  was  estimated  for  main 
stem  Section  MS4.  The  few  anglers  who  fished  this  section  enjoyed 
a  catch  rate  of  1.5  kokanee  per  hour  and  harvested  an  estimated 
1,109  kokanee. 

Fishing  pressure  for  the  fall  kokanee  season  on  the  four 
sections  of  the  main  stem  totalled  1995  mandays.  An  estimated 
3,734  kokanee  were  harvested  at  a  rate  of  0.56  per  hour.  Anglers 
fishing  specifically  for  kokanee  comprised  62%  of  the  total 
pressure,  catching  kokanee  at  a  rate  of  0.72  fish  per  hour 
(Appendix  B) . 

The  1983  main  stem  kokanee  fishery  attracted  few  non  local 
anglers  because  of  the  low  kokanee  population  level,  closure  of  the 
snagging  season  and  the  reduced  limit  of  10  fish.  Of  the  179 
parties  interviewed,  91%  listed  their  residence  as  Flathead  County. 


Middle  Fork  of  the  Flathead  River 

A  very  limited  kokanee  fishery  existed  on  the  Middle  Fork  of 
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the  Flathead  River  in  1983  (Appendix  B).  A  total  of  19  angler 
parties  were  interviewed  from  15  September  -  15  October.  Fishermen 
caught  kokanee  at  a  rate  of  1.1  per  hour,  using  lures  or  a 
combination  of  lures  and  corn.  Fishing  pressure  was  estimated  at 
only  371  hours  (63  mandays),  concentrated  in  the  last  two  weeks  of 
September.  The  limited  activity  resulted  in  an  estimated  harvest 
of  500  kokanee. 

Comparison  of  Present  and  Fast  Fisheries 

Surveys  of  the  Flathead  River  System  kokanee  fishery  were 
conducted  in  1975  and  1981  (Hanzel  1977,  Fredenberg  and  Graham 
1982),  and  in  1982  and  1983.  The  1975  and  1981  fisheries  reflect 
kokanee  snagging  with  a  35  fish  limit  and  relatively  strong  popu- 
lation levels  (Table  4).  The  1982  figures  represent  a  snag  fishery 
with  a  20  fish  limit  and  relatively  low  population  levels. 
Snagging  was  not  allowed  in  1983,  and  the  figures  reflect  the 
greatly  reduced  fishing  pressure  and  harvest,  the  10  fish  limit, 
and  the  relatively  low  population  level. 

Because  of  the  relatively  weak  main  stem  runs  of  recent  years, 
there  has  been  a  shift  in  angler  pressure  from  these  later  spawning 
fish  to  the  "early"  runs  bound  for  McDonald  Creek  and  the  Middle 
Fork  (Table  5).  During  1981,  1982  and  1983,  the  majority  of  the 
kokanee  harvest  was  borne  by  the  "early  runs"  of  fish  bound  for  the 
Middle  Fork  drainage.  In  1975,  however,  the  majority  of  the 
harvest  was  from  the  "late  runs"  of  main  stem  spawners  present  in 
the  main  stem  after  1  October.  This  shift  of  the  harvest  from  the 
late  runs  to  the  early  runs  of  kokanee  reflects  the  population 
decline  in  the  main  stem  spawning  run  during  the  late  1970's.  The 
decrease  in  the  percent  of  the  population  harvested  is  due  mainly 
to  decreasing  limits,  elimination  of  snagging  and  low  kokanee 
population  levels. 


SPANNING  SITE  INVENTORY 

Flathead  River  Redd  Counts 

Kokanee  spawning  in  the  main  stem  Flathead  River  below  the 
South  Fork  had  begun  by  25  September  1983  when  redds  and  fish  were 
observed  at  Area  39.  A  total  of  3,100  redds  had  been  constructed 
by  18  October.  By  mid-November,  5,948  redds  were  counted.  A  total 
of  6683  redds  had  been  constructed  in  28  spawning  areas  by  late 
November  (Table  6  and  Appendix  A). 

The  timing  of  spawning  in  the  main  stem  during  1983  resulted 
in  the  dewatering  of  657  redds  before  the  15  October  flow  re- 
strictions went  into  affect.  Of  the  6026  wetted  redds  in  the  main 
stem  748  (12.3%)  were  constructed  in  spring  influenced  areas. 
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Table  5.    Estimated  distribution  of  harvest  between  the  Middle  Fork 
"early"  runs  and  the  mainstem  "late"  runs  during  1983, 
1982,  1981  and  1975.    The  percent  of  the  estimated  popula- 
tion which  was  harvested  is  in  parentheses.    Methods  for 
the  estimates  are  given  in  Fraley  and  McMullin  (1983). 


Year        Middle  Fork  runs  Mainstem  runs  Total 

1983  3,212(8)                       1,022(6)  4,234(7.5) 

1982  29,999(44)                      450(10)  30,449(42) 

1981  133,555(53)                  18,562(44)  152,117(52) 

1975  18,450(40-45)               131,793(40-45)  150,243(40-45) 
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Table  6.    Numbers  of  redds  counted  in  early  and  late  November  in 

spawning  areas  utilized  by  kokanee  salmon  on  the  Flathead 
River  below  the  South  Fork  in  1983. 


Area  29  November  - 

number  3-14  November  2  December 
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Kokanee  spawning  in  the  main  stem  occurred  earlier  in  1983 
than  in  the  previous  four  years  of  the  study,  as  89%  of  all  redds 
had  been  constructed  by  early  November.  During  the  previous  years 
of  the  study,  less  than  50%  of  all  redd  construction  had  taken 
place  by  early  November. 


Relationship  of  Redd  Counts  and  Spawner  Counts 

Kokanee  salmon  entering  the  Brenneman's  Slough  spawning  area 
were  monitored  by  stream  trapping  for  the  purpose  of  comparing 
spawner  numbers  and  redd  counts.  Total  kokanee  numbers  in  other 
spawning  areas  can  then  be  estimated  using  a  ratio  between  spawner 
and  redd  counts. 

A  total  of  314  kokanee  (136  males,  178  females)  were  passed 
through  the  Brenneman's  Slough  trap  by  the  end  of  December  (Figure 
5).  These  fish  constructed  174  redds,  yielding  a  ratio  of  1.8 
kokanee  per  redd  (0.78  males  per  redd,  1.02  females  per  redd). 

The  spawner  -  redd  ratio  during  the  1982-83  spawn  year  was 
3.02  in  Brenneman's  Slough  and  3.2  in  Beaver  Creek  (Fraley  and 
McMullin  1983).  The  overall  average  spawner  -  redd  ratio  for  the 
sites  studied  in  1982  and  1983  was  2.4. 

Insufficient  numbers  of  fish  entered  other  spawning  areas 
where  traps  were  in  place  in  1983  to  obtain  a  relationship. 


Residence  Time  of  Spawners 

Three  groups  of  kokanee  were  tagged  as  they  entered 
Brenneman's  Slough  to  determine  length  of  residence  time. 
Residence  time  information  could  be  important  in  determining  turn- 
over rates  and  total  numbers  of  spawner s  in  McDonald  Creek,  where 
periodic  snorkel  counts  are  made. 

Maximum  residence  time  recorded  for  the  first  group  of  kokanee 
was  25  days.  Kokanee  from  the  second  group  tagged  still  remained 
alive  in  the  spawning  area  after  32  days.  No  residence  time  was 
determined  for  the  third  group  of  spawners  due  to  ice  formation. 

Residence  time  in  Brenneman's  Slough  (approximately  one  month) 
may  be  less  than  in  an  area  such  as  McDonald  Creek.  Kokanee  enter 
Brenneman's  Slough  in  spawning  condition,  while  fish  entering 
McDonald  Creek  are  not  fully  ripe.  Residence  time  in  McDonald 
Creek  is  probably  closer  to  one  and  one-half  to  two  months. 


Day-Night  Spawning  Studies 

Determining  the  diel  timing  of  kokanee  spawning  in  Flathead 
River  spawning  areas  is  of  critical  importance  in  fine  tuning  flow 
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recommendations  in  the  main  stem  below  Hungry  Horse  Dam. 
Sufficient  numbers  of  spawners  entered  Brenneman's  Slough  (main 
stem  Area  1),  the  House  of  Mystery  (main  stem  Area  39)  and  McDonald 
Creek  study  sites  for  day-night  spawning  studies  in  1983. 

At  main  stem  Area  1  a  total  of  582  eggs  (43%)  of  the  total 
deposition  were  deposited  in  three  redds  or  parts  of  redds  located 
in  the  day  portion  of  the  study  site  (Table  7).  In  the  night 
portion,  777  eggs  (57%)  were  deposited  in  six  redds  or  portions  of 
redds.  At  main  stem  area  39,  the  day  portion  of  the  site  contained 
714  eggs  (34%)  in  four  redds.  In  the  night  area,  1,415  eggs  were 
found  in  six  redds.  All  egg  deposition  (70  eggs)  and  redd  con- 
struction (5  redds)  occurred  in  the  night  area  on  McDonald  Creek. 
The  experiment  was  terminated  before  much  egg  deposition  had  taken 
place  due  to  the  arrival  of  migrating  eagles. 

In  summary,  an  average  of  26%  of  both  the  egg  deposition  and 
the  redd  construction  was  found  in  the  day  portions  of  the  study 
sites.  The  night  portion  of  the  study  sites  contained  74%  of  both 
egg  deposition  and  redd  construction.  Kokanee  remained  above  redds 
constructed  in  the  night  areas  during  daylight  hours  at  all  areas, 
even  though  the  redds  were  covered  with  wire  blocks.  These  data 
indicate  that  a  minimum  of  one  quarter  of  kokanee  spawning  in  the 
main  stem  would  be  lost  if  generation  occurred  during  the  daylight 
period. 


EGG  INCUBATION  AND  ALEVTN  DEVEDOiSSEOT 

Egg  and  Alevin  Survival 

Egg  survival  was  monitored  from  mid-December  to  early  January 
in  various  river  system  spawning  areas  (Table  8).  Survival  in  main 
stem  redds  ranged  from  27-92%  and  averaged  62%.  During  1982-83, 
main  stem  survival  ranged  from  37-75%  and  averaged  59%  (Fraley  and 
McMullin,  1983).  These  figures  reflect  the  success  of  the 
recommended  flows  in  the  river  below  the  South  Fork  in  eliminating 
excessive  incubation  mortality  in  most  areas.  During  years  of  fall 
generation  such  as  1979,  survival  in  shallow  spawning  areas  was 
near  0%. 

Survival  in  other  river  system  areas  ranged  from  86%  to  97%. 
Survival  figures  for  these  areas  may  be  high  due  to  the  later 
sampling  date  and  the  possible  decomposition  of  eggs. 

Dissolved  oxygen  levels  at  15  cm  gravel  depth  in  main  stem 
area  1  averaged  4.7  ppm,  while  levels  in  all  other  areas  were  above 
8.9  ppm.  The  low  dissolved  oxygen  levels  in  Area  1  due  to  organ ics 
and  decomposition  may  have  contributed  to  the  relatively  low  egg 
survival  of  27%. 
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Table  7.    Numbers  of  kokanee  eggs  deposited  in  de^y  and  night 

spawning  sites  at  Flathead  River  system  spawning  areas. 


Brenneman's  Slough     Mainstem  Area  39     McDonald  Creek., 
(11/15-11/23/83)        (10/17-10/25/83)  (9/26-10/3/83)-' 


Day 

Night 

Day 

Night 

Day 

Night 

Live 

165 

198 

424 

698 

0 

70 

Dead 

417 

579 

290 

717 

0 

0 

Total 

582 

111 

714 

1415 

0 

70 

%  Egg 

deposition 

43 

57 

34 

66 

0 

100 

1/    Experiment  terminated  early  due  to  the  eagle  concentration. 
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Egg  and  Alevin  Development 

Kokanee  egg  development  was  rapid  during  the  1983-84  incuba- 
tion period,  due  to  early  initiation  of  spawning  and  warmer  water 
temperatures.  All  sampled  eggs  had  reached  the  eyed  stage  in 
McDonald  Creek  and  the  Whitefish  River  by  mid-December.  By  early 
January  eggs  in  main  stem  Area  39  and  in  the  South  Fork  of  the 
Flathead  River  had  reached  the  eyed  stage. 

Hatching  was  earlier  during  1983-84  than  in  previous  years  in 
McDonald  Creek  (Table  9).  By  mid-January,  29%  of  all  eggs  sampled 
had  hatched.  The  trend  of  earlier  hatching  dates  of  kokanee  eggs 
over  the  past  five  years  in  McDonald  Creek  reflects  the  trends  of 
progressively  earlier  spawning  timing  and  the  absence  of  later 
spawners . 


Experimental  Egg  Plants 

Kokanee  eggs  were  planted  in  two  main  stem  areas  that  had 
supported  kokanee  spawning  before  the  late  1970's,  but  have  not 
contained  redds  during  the  last  four  years.  These  areas  were 
chosen  to  determine  the  effectiveness  of  egg  plants  in  aiding  the 
recovery  of  the  main  stem  kokanee  population. 

At  Lybeck's  Dike  (Area  13),  a  spring  influenced  site,  an 
estimated  68%  of  the  23,000  eyed  eggs  survived  to  hatching. 
Emergence  trap  catches  from  two  plants  of  1000  eggs  indicated  45- 
46%  egg  to  emerging  fry  survival  (Figure  6).  These  figures  indi- 
cated a  survival  rate  of  67%  from  hatching  to  emergence  and  a 
production  of  10,465  emigrating  fry. 

At  Area  2,  a  side  channel  site,  an  estimated  74%  of  the  23,000 
eyed  kokanee  eggs  planted  survived  to  hatching.  Applying  the 
hatching  to  emergence  survival  rate  determined  for  Area  13,  an 
estimated  11,403  emigrating  fry  were  produced./  An  estimated  67%  of 
the  5,500  green  eggs  planted  survived  to  hatching  at  Area  13.  Of 
the  4,500  green  eggs  planted  at  Area  2,  an  estimated  37%  survived 
to  hatching.  No  emergence  and  emigration  information  were  avail- 
able for  green  plants,  but  based  on  hatching  to  emergence  survival 
in  the  eyed  plants,  an  estimated  24%  and  44%  of  the  green  eggs 
survived  to  emergence  at  Areas  2  and  13,  respectively.  These 
survival  rates  indicate  productions  of  1080  and  2420  fry  from  green 
egg  plants  in  Areas  2  and  13,  respectively. 

No  significant  difference  in  egg  survival  was  noted  between 
planting  boxes  and  artificial  redds.  Artificial  redds  required 
less  effort  than  planting  boxes  and  are  recommended  for  any  future 
plants . 

In  summary,  an  estimated  21,868  fry  were  produced  from  46,000 
eyed  eggs  planted  in  Areas  2  and  13,  yielding  an  egg  to  emigrating 
fry  survival  rate  of  48%.    The  46,000  eyed  eggs  survived  from 
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Table  9.     Analysis  of  egg  and  alevin  samples  taken  in  McDonald 
Creek  in  the  Apgar  area  from  1980-1984. 


Sampling  No.  No.  Live  Eqgs 

dates  Samples  and  Alpvins  %  Survival  %  Alevins 

1/18-1/23/84  18  1,127  92  29 

2/1-2/2/83  13  1,181  88  25 

2/8-2/9/82  14  1,424  78  12 

1/13/81  3  311  94  <  1 

1/14/80-2/1/80  10  1,801  85  7 
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AREA  13 
Trap  1  (458  Fry;  box) 


MARCH  APRIL  MAY  JUNE 


Fig.  6.  Eiergence  trap  catches  from  one  planting  box  and 
one  artificial  redd  containing  1000  eyed  kokanee 
eggs  each  at  Lybeck's  Dike  on  the  Flathead  River 
during  1984. 
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56,000  green  eggs  deposited  in  the  hatchery.  The  egg  to  fry  sur- 
vival rate  was  39%  when  calculated  from  the  original  56,000  eggs. 
An  estimated  3500  fry  were  produced  from  10,000  green  eggs  planted 
yielding  an  egg  to  fry  survival  rate  of  35%.  Although  the 
difference  between  egg  to  fry  survival  is  not  great  between  the 
green  and  eyed  egg  plants,  it  may  be  advantageous  to  plant  eyed 
eggs  because  of  the  earlier  emergence  times  and  greater  control 
over  environmental  variables  during  the  initial  stages  of  develop- 
ment. 


STREAM  FLGW-ROKANEE  LEN3TH  RELATIONSHIPS 

Several  models  were  developed  using  weighted  three  year  moving 
average  flow  conditions  to  explain  variations  in  kokanee  year  class 
strength  from  the  1966  through  the  1982  spawning  years  (Graham  et 
al.  1980,  McMullin  and  Graham  1981,  Fraley  and  Graham  1982,  Fraley 
and  McMullin  1983).  Combined  male  and  female  spawner  length  was 
assumed  to  be  inversely  related  to  population  density  and  was  used 
as  the  measure  of  year  class  strength. 

There  was  a  strong  relationship  between  kokanee  spawner  length 
and  flow  conditions  from  1966  through  1983  (Table  10,  Figure  7). 
The  correlation  between  female  kokanee  spawner  length  and  spawning 
and  incubation  gauge  height  differences  from  1966  through  1983  was 
highly  significant  (r="0.93,  r 2  =0.87,  p<.001).  This  indicates  that 
a  large  proportion  (87%)  of  the  variation  in  spawner  length  could 
be  attributed  to  differences  in  spawning  and  incubation  gauge 
heights  in  the  Flathead  River  as  affected  by  discharges  from  Hungry 
Horse  Reservoir.  Length  of  1983  female  kokanee  spawners  averaged 
364  mm,  close  to  the  362.6  mm  predicted  by  the  river  gauge  height 
model  (Table  11).  Predicted  length  for  1984  female  kokanee 
spawners  in  the  Flathead  drainage  is  337  mm. 

Flathead  Lake  levels  have  also  affected  kokanee  year  class 
strength  from  1966-1983  (Decker-Hess  and  Clancey  1984).  The 
addition  of  the  number  of  days  of  lake  elevation  less  than  2885 
feet  during  the  incubation  period  raised  the  r2  of  the  gauge  height 
model  from  0.87  to  0.93.  The  relationship  between  female  kokanee 
length,  Flathead  River  gauge  heights,  and  Flathead  Lake  levels  is 
illustrated  in  Figure  8. 

Unexplained  variation  in  kokanee  year  class  strength  may  be 
related  to  other  factors  not  included  in  the  models.  Other  factors 
may  affect  incubation  success  (Wickett  1962),  growth  of  kokanee  in 
Flathead  Lake  (Goodlad  et  al.  1974),  or  differential  recruitment 
from  other  spawning  areas  to  the  lake  population.  Quadrennial  or 
cyclic  dominance  may  also  be  affecting  year  class  strength  of 
Flathead  kokanee  (Fraley  and  McMullin  1983). 

Age  composition  of  the  river  system  kokanee  run  does  not 
appear  to  have  affected  spawner  lengths  from  1970-1983  (Table  12). 
During  the  1981-1983  period,  kokanee  spawner  lengths  were  the 
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Table  10.    Mainstem  Flathead  River  flow  variables  and  Flathead  Sys- 
tem female  kokanee  length  from  1966-1983. 
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1975-77 

337 
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-2.31 
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Table  11.  Actual  Flathead  drainage  female  kokanee  spawner  length, 
lengths  predicted  from  the  river  gauge  height  model  and 
residual  errors,  1966-1983. 


Actual 

Prpri  i  rt  pd 

1  L-l  1  1  U    1  U 

f pma 1 p 

J  1/  U  v«  1  1  V_  1 
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R  p  ^  i  d  i  j  ri  1 

1 pnat  h 

1 pnat  h 

Year 

(mm ) 

(mm ) 

(  mm  ^ 

l  II 11 1 1  / 

1966 
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271.0 

12.0 

1967 

263 

262.5 

0  5 

1968 
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267.9 

-1  9 

x  •  s 

1969 
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0  7 
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-10  8 
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327.5 

23.5 

1981 
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23.3 

1982 
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368.2 

1.85 

1983 

364 

362.6 

1.4 

1984 

337 
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WATER  YEARS  USED  IN  MEAN 


Fig.  8.    Relationship  between  female  kokanee  length,  Flathead  River 

spawning  -  incubation  gauge  height  difference,  and  number  of 
days  Flathead  Lake  levels  were  below  2885  feet  during  the 
kokanee  incubation  period  for  spawn  years  1951-1983. 
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largest  recorded?  yet  only  6-14%  of  the  run  was  composed  of  older 
(IV+)  fish. 


FRY  EMERGENCE  AND  EMIGRATION 

Fry  Abundance  and  Emergence  Timing 

The  timing  of  kokanee  fry  emergence  and  kokanee  fry  abundance 
is  critical  in  the  determination  of  the  relative  importance  of 
Flathead  River  system  spawning  areas  as  areas  of  recruitment  to  the 
Flathead  Lake  population.  Kokanee  fry  emigration  was  intensively 
monitored  in  three  river  system  spawning  areas  (Figure  9).  Fry 
emigration  was  monitored  on  a  limited  basis  in  the  Middle  Fork  of 
the  Flathead  River  and  at  several  points  on  the  main  stem  Flathead 
River. 


McDonald  Creek 

Kokanee  fry  emergence  and  emigration  in  McDonald  Creek  ex- 
tended from  mid-January  to  mid-June,  1984  (Appendix  C).  A  major 
fry  emigration  peak  occurred  during  the  third  week  of  April;  peak 
emigration  occurred  two  to  four  weeks  later  during  other  years  of 
the  study  (Fraley  and  McMullin  1983).  Lesser  peaks  of  fry  emigra- 
tion occurred  in  early  April  and  mid-May.  Emergence  trap  catches 
indicate  similar  emergence  timing  in  McDonald  Creek  (Figure  10). 

Emigrating  fry  were  distributed  vertically  and  laterally 
throughout  the  water  column.  Average  numbers  of  kokanee  fry  cap- 
tured in  top,  middle  and  bottom  nets  set  vertically  in  the  water 
column  were  17.4,  16.0  and  10.1  per  100  irr  water  filtered. 

An  estimated  13.1  million  fry  emigrated  from  McDonald  Creek  in 
1983.  The  number  of  emigrating  fry  was  76%  of  the  estimated  egg 
deposition  calculated  from  spawner  and  fecundity  counts.  The  rate 
was  inflated  due  to  an  underestimate  of  potential  egg  deposition. 
The  snorkel  counts  of  adult  spawners  used  to  estimate  potential  egg 
deposition  are  trend  point  estimates  and  may  not  represent  the 
total  number  of  spawners  which  entered  McDonald  Creek  during  the 
1983  spawning  period.  Egg  to  fry  survival  rates  in  McDonald  Creek 
of  22%  and  69%  were  calculated  for  1982  and  1983.  Kokanee  fry 
survival  may  be  inversely  related  to  spawner  density  in  McDonald 
Creek.  The  high  survival  rates  during  1983  and  1984  occurred 
during  years  of  low  spawner  trend  counts  (30,000-34,000),  while  the 
lower  figure  calculated  in  1982  resulted  from  a  trend  count  of 
nearly  100,000  spawners. 

Survival  in  McDonald  Creek  was  high  when  compared  to  other 
natural  salmon  spawning  areas.  Jeppson  (1960)  reported  a  seven 
percent  egg  to  fry  survival  rate  in  Sullivan  Spring  Creek,  Idaho 
which  was  considered  a  high  quality  kokanee  spawning  ground. 
Survival  rates  comparable  to  the  1983  McDonald  Creek  figures  have 
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Fig.  9.    Kokanee  emigration  in  three  river  system  spawning 
areas . 
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Fig.  10.  Number  of  fry  captured  in  emergence  traps  in 
McDonald  Creek  during  the  spring  of  1984. 
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been  reported  for  salmon  in  several  spawning  channels  in  Japan  the 
U.S.S.R.,  Washington  (Bakkala  1970)  and  British  Columbia  (R.A. 
Lindsay,  British  Columbia  Ministry  of  Environment,  pers.  comm.). 
Royce  (1959)  reported  a  75  percent  egg  to  fry  survival  for  silver 
salmon  in  a  coastal  California  stream. 

Fry  emergence  from  kokanee  redds  at  the  upper  end  of  McDonald 
Lake  peaked  in  late  May,  as  indicated  by  biweekly  towing  from 
April- June.  Emergence  in  upper  McDonald  Creek  didn't  begin  until 
early  June  and  appeared  to  be  completed  by  late  June.  Kokanee  that 
spawned  in  upper  McDonald  Creek  and  along  the  upper  lakeshore  may 
have  been  part  of  the  McDonald  Lake  population. 


Brenneman's  Slough 

Fry  emigration  occurred  in  a  series  of  peaks  in  Brenneman's 
Slough,  a  main  stem  spring  area  which  corresponds  roughly  to  the 
pattern  of  adult  kokanee  migration  into  the  slough  (Appendix  C). 
The  major  emigration  peak  occurred  in  early  May.  An  estimated 
37,198  fry  emigrated  from  the  area  during  the  spring  of  1984, 
representing  19.2%  of  the  total  potential  egg  deposition.  The  egg 
to  fry  survival  rate  calculated  for  Brenneman's  Slough  for  1983  was 
13.7%,  when  an  estimated  31,511  fry  emigrated. 


Whitef  ish  River 

The  major  kokanee  fry  emigration  peak  in  the  Whitef  ish  River 
occurred  in  mid-April,  with  a  secondary  peak  in  mid-May  (Figure  9). 
Numbers  of  fry  emerging  from  two  redds  into  emergence  traps  also 
peaked  in  mid-April. 

An  estimated  66,254  fry  emigrated  from  the  Whitef  ish  River 
above  Rose  Crossing  Bridge.  This  represents  10.4%  of  the  total 
potential  egg  deposition,  based  on  redd  and  fecundity  counts.  Egg 
to  fry  survival  in  the  Whitef  ish  River  during  1983  was  4.5%. 


Main  stem  Flathead  River 

Emigration  of  kokanee  fry  in  the  Flathead  River  past  Kalispell 
peaked  in  mid-April  (Appendix  C).  Initiation  of  runoff  and  debris 
prevented  further  sampling  after  early  May.  Emergence  trap  catches 
at  spawning  area  39  in  the  main  stem  also  peaked  in  mid-April 
(Figure  11).  Kokanee  fry  emergence  timing  was  early  in  1984  due  to 
early  initiation  of  spawning  in  the  fall  of  1983. 
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Numbers  of  fry  captured  in  two  of  four  emerqence 
traps  at  Area  39  in  the  main  stem  Flathead  River 
during  the  spring  of  1984. 
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Middle  Fork  of  the  Flathead 

Fry  emigration  in  the  Middle  Fork  of  the  Flathead  River  peaked 
in  late  March  (Appendix  C).  The  majority  of  the  fry  passing  the 
Middle  Fork  sampling  station  above  West  Glacier  probably  emigrated 
from  redds  located  near  the  mouth  of  Deerlick  Creek. 


Fry  Movements 

Kokanee  fry  emigration  was  monitored  from  McDonald  Creek  down- 
stream through  the  river  system  during  two  fry  staining  experi- 
ments. These  experiments  were  conducted  to  determine  the  timing  of 
fry  recruitment  to  Flathead  Lake.  Knowledge  of  timing  of  fry 
arrival  to  the  lake  could  prove  critical  in  any  future  studies  on 
younger  age  classes  of  kokanee.  A  total  of  14,500  kokanee  fry 
captured  in  McDonald  Creek  were  stained  and  released  on  28  March 
and  their  movements  were  monitored  at  sampling  sites  downstream 
(Figure  12).  A  total  of  512  of  the  fry  were  recaptured  at  stations 
8,  34  and  55  km  downstream  from  McDonald  Creek.  The  fry  apparently 
left  the  creek  in  a  concentrated  group,  beginning  at  dusk,  and 
began  passing  the  eight  km  station  after  3  hours  of  travel  time. 
The  leading  edge  of  the  stained  fry  group  passed  the  34  km  point 
after  10  hours  of  swimming  time.  The  fry  appeared  to  hold  in  the 
area  for  the  daylight  period,  then  began  moving  and  passed  the  55 
km  point  four  hours  after  darkness  for  a  total  travel  time  of  14 
hours.  Attempts  to  track  the  fry  in  the  lower,  slow  moving  30  km 
of  the  river  to  Flathead  Lake,  were  unsuccessful.  Flows  during 
this  experiment  averaged  871,  920  and  3834  cfs  in  the  Middle  Fork, 
North  Fork  and  main  stem  Flathead  River. 

A  second  group  of  40,500  fry  were  captured  and  stained  in 
McDonald  Creek  on  23  April.  The  fry  left  the  creek  in  a  concen- 
trated group  beginning  at  dusk  (2000  hrs)  as  indicated  by  nets  set 
in  the  creek.  They  reached  the  8km  point  after  two  hours  of  travel 
and  the  34  km  point  after  six  hours  (Figure  13).  The  first  stained 
fry  reached  the  55  km  point  by  0500,  after  8  hours  of  travel, 
slightly  faster  than  the  calculated  flow  time.  After  apparently 
holding  in  the  area  during  the  daylight  hours,  the  fry  continued  to 
pass  the  55  km  point  until  2400  hours  the  second  night.  The  first 
fry  reached  the  96  km  point  by  the  end  of  the  second  night  of 
travel.  The  majority  of  the  fry  passed  the  96  km  point  on  the 
third  night  of  travel  from  McDonald  Creek. 

Stained  fry  covered  the  distance  between  the  55  km  and  96km 
points  at  a  rate  approximately  twice  that  of  the  current  speed, 
measured  at  several  points  along  the  length  of  the  section.  The 
fry  were  more  scattered  at  the  96  km  point,  as  one  was  captured  two 
nights  after  the  majority  passed.  Flows  during  this  experiment 
averaged  3,870,  4,416  and  11,134  cfs  in  the  North  Fork,  Middle 
Fork,  and  main  stem  Flathead  River. 
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Fig.  12.    Number  of  recaptured  stained  fry  at  sample  sites  8km, 

34km,  and  55km  below  McDonald  Creek  at  28-30  March  1984. 
Successive  peaks  show  the  downstream  movement  rate  of  the 
group  of  stained  fry. 
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Fig.  13.    Number  of  recaptured  stained  fry  at  sample  sites 
8km,  34km,  55km,  and  96km  below  McDonald  Creek  on 
23-26  April,  1984.    Successive  peaks  show  the 
downstream  movement  rate    of  the  group  of  stained 
fry. 
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Movement  rates  of  kokanee  fry  were  as  rapid  or  more  rapid  than 
estimated  flow  rates  in  the  Flathead  River  System.  The  fry 
apparently  hold  their  position  in  the  flow  and  actively  swim 
through  eddies  and  back  currents.  Hartman  et  al.  (1962)  reported 
that  sockeye  fry  actively  migrated  downstream  faster  than  the 
current. 


POPULATION  RECOVERY 

Plow  Reconraendations  for  Population  Recovery 

The  goal  for  the  management  of  the  Flathead  drainage  kokanee 
fishery  is  a  balanced  number  of  fish,  approximately  330  mm  in 
length  (Graham  et  al.  1980).  This  level  of  recovery  would  provide 
a  main  stem  run  similar  to  that  of  1975  when  an  estimated  165,000 
fish  spawned  in  the  Flathead  River.  Recovery  of  the  main  stem  run 
will  enhance  recruitment  to  the  Flathead  Lake  fishery  and  provide  a 
dependable  fishery  for  adult  kokanee  in  the  river  system.  The 
overall  management  goal  is  also  directed  toward  maintaining  a 
diversity  of  spawning  areas. 

Management  of  seasonal  and  daily  flow  levels  in  the  Flathead 
River  below  the  South  Fork  is  critical  to  the  recovery  of  the 
kokanee  population.  A  flow  regime  in  the  main  stem,  which  would 
enhance  kokanee  reproduction,  was  recommended  to  the  Northwest 
Power  Planning  Council  in  1981  and  implemented  by  the  Bonneville 
Power  Administration  and  Bureau  of  Reclamation  during  the  1982  and 
1983  spawning  years  (NWPPC  1982).  The  flow  recommendations  in- 
cluded a  stable  discharge  of  3,500-4,500  cfs  for  kokanee  spawning 
from  15  October  through  15  December,  and  a  minimum  flow  of  3500  cfs 
for  egg  incubation  and  alevin  development  from  15  December  through 
30  April.  These  flows  will  eliminate  most  incubation  mortality  due 
to  dewatering,  and  should  result  in  the  recovery  of  the  main  stem 
run  to  levels  observed  prior  to  the  late  1970's. 


Timing  of  the  Population  Recovery 

Timing  of  the  recovery  of  the  main  stem  kokanee  population 
could  vary  substantially,  depending  on  the  level  of  natural  repro- 
ductive success  for  each  year  class  of  fish  (Figure  14).  Recovery 
of  the  population  from  its  present  depressed  level  could  not  occur 
at  a  fry  to  adult  return  rate  of  1.0%,  assuming  20%  egg  to  fry 
survival.  At  a  2.0%  fry  to  adult  return  rate  and  no  harvest,  a 
fishable  main  stem  population  would  be  reached  by  1993  and  over 
150,000  spawners  would  return  annually  by  1997.  The  maximum 
assigned  level  of  330,000  spawners  would  be  reached  by  2003.  A  fry 
to  returning  adult  survival  rate  of  3.0%  could  result  in  a  fishable 
population  by  1989,  and  by  1997  a  maximum  assigned  level  of  330,000 
spawners  would  be  reached. 
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Fig.  14.  Projected  growth  of  the  main  stem  kokanee  population 
at  20  percent  egg  to  fry  survival,  and  one,  two,  and 
three  percent  fry  to  adult  returns  (no  angler  harvest). 
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The  main  stem  kokanee  population  is  expected  to  recover  with 
an  average  of  20%  egg  to  fry  survival  and  2.0%  fry  to  adult 
survival,  based  on  egg  to  fry  survival  studies  in  the  Flathead,  and 
on  values  in  the  literature.  These  rates  would  result  in  a 
doubling  of  numbers  in  each  successive  four  year  cycle  of  spawners 
for  an  overall  return  rate  of  2.0  adults  per  spawner.  Due  to  the 
present  low  density  of  spawners,  reproductive  success  in  the  early 
years  of  the  recovery  could  be  substantially  greater.  Mean 
estimates  of  returning  adults  per  spawner  reported  for  seagoing 
salmon  in  streams  of  Alaska  and  British  Columbia  ranged  from  1.7  to 
3.0  and  averaged  2.3  over  a  40  year  period  (Bakkala  1970). 


Management  of  Harvest  Rates 

A  spawning  run  of  50,000  kokanee  spawners  in  the  main  stem  was 
estimated  as  the  minimum  population  that  could  support  a  harvest 
without  impairing  the  recovery  rate  of  the  population.  With  little 
or  no  harvest,  the  population  should  be  safely  above  the  50,000 
fish  level  by  1993.  The  rate  at  which  the  main  stem  population  is 
harvested  from  that  point  would  greatly  affect  the  rate  of  popula- 
tion growth  and  recovery  (Figure  15).  A  desirable  harvest  rate  for 
management  of  the  main  stem  kokanee  population  would  be  one  that 
could  be  adjusted  based  on  the  number  of  spawners  that  return  each 
year.  This  shifting  harvest  rate  could  begin  at  10%  when  the 
minimum  fishery  level  of  50,000  fish  is  reached,  and  increased  to 
50%  at  the  assumed  maximum  population  level  of  330,000  spawners 
(Figure  16,  Table  13).  With  this  shifting  harvest  rate,  the  main 
stem  population  would  increase  to  over  200,000  spawners  after  four 
or  five  generations  and  to  over  300,000  spawners  by  2007.  This 
harvest  management  strategy  would  allow  for  a  reasonable  balance  of 
population  recovery  and  angler  harvest. 

The  kokanee  snag  fishery  was  converted  to  a  lure  fishery  with 
a  reduced  limit  of  10  fish  during  the  1983  spawning  run.  The 
purpose  of  these  regulation  changes  was  to  reduce  the  harvest  rate 
to  below  10%  as  outlined  in  the  harvest  management  strategy.  An 
estimated  1022  kokanee  were  harvested  from  an  estimated  main  stem 
preharvest  population  of  17,301  for  a  harvest  rate  of  5.0%.  The 
lure  fishery  regulations  were  effective  in  reducing  harvest  rates 
of  the  main  stem  run  from  the  traditional  40  to  50%  experienced 
during  the  snag  fishery.  The  lure  fishery  will  remain  in  effect 
until  the  population  recovers  to  the  level  where  it  can  again 
support  the  40  to  50%  harvest  rates  of  the  past. 


OOfOJDSIONS  AND  FUTURE  WO&K 

The  kokanee  spawning  run  in  main  stem  Flathead  River  has  been 
reduced  to  an  average  of  only  16%  of  the  total  recruitment  to 
Flathead  Lake  from  1979-1983.  This  decline  was  largely  due  to  the 
effects  of  the  operation  of  Hungry  Horse  Dam  on  kokanee  spawning 
and  success  and  angler  harvest.    The  main  stem  kokanee  run  has 
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Fig.  15.    Projected  growth  of  the  main  stem  kokanee  run 

at  20%  egg  to  fry  survival,  2%  fry  to  adult  survival 
and  10%,  20%,  30%,  40%  and  50%  harvest  rates. 
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Fig.  16.    Projected  growth  of  the  main  stem  kokanee  run  at 
20%  egg  to  fry  survival,  2%  fry  to  adult  survival 
and  a  10-50%  shifting  harvest  rate  from  50,000  - 
330,000  spawners. 
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Table  13.    Hypothetical  harvest  management  plan  for  the  main  stem 
Flathead  River  kokanee  run. 


Estimated  Mean  Mean  number 

Projected  preharvest  time  Harvest  of  kokanee 

population  level  period  rate  harvested 

0-50,000  1984-1972  0^  0 

50,000-100,000  1993-1996  0.14  11,473 

100,000-200,000  1997-2001  0.24  34,093 

200,000-300,000  2002-2008  0.39  95,749 

>300,000  2009-2033  0.50  162,235 


1/    The  restricted  lure  fishery  may  result  in  a  minimal  harvest  of 
6%  or  less. 


49 


declined  from  an  estimated  165,000  post-harvest  spawners  325  mm  in 
length  in  1975,  to  an  average  of  only  9,400  post-harvest  spawners 
averaging  380mm  over  the  last  five  years. 

Implementation  of  the  recommended  spawning  (3,500-4,500  cfs) 
and  incubation  (3,500  cfs)  flows  in  the  main  stem  should  result  in 
the  recovery  of  the  kokanee  spawning  run  to  levels  similar  to  1975 
(330,000  preharvest  spawners),  which  is  the  management  goal  of  the 
study. 

The  recovery  period  could  vary,  depending  on  natural  fluctua- 
tions in  the  survival  rates  of  kokanee  eggs  and  fry.  Average 
conditions  of  20%  egg  to  fry  survival,  2.0%  fry  to  returning  adult 
survival,  and  a  10-50%  shifting  harvest  rate  after  the  population 
reaches  50,000  fish  would  result  in  recovery  approaching  the 
management  goal  of  over  300,000  spawners  by  2008,  or  after  six 
generations  of  kokanee.  If  no  harvest  was  allowed,  population 
recovery  approaching  the  management  goal  would  occur  by  the  mid 
1990' s. 

Work  during  the  next  year  of  the  study  will  concern  the  con- 
tinued evaluation  of  the  effects  of  the  controlled  flows  on  kokanee 
reproductive  success.  Additional  diel  spawning  studies  will  be 
conducted  to  evaluate  possible  fine  tuning  of  the  daily  timing  of 
the  flow  releases  from  Hungry  Horse  Dam.  Studies  will  also  focus 
on  refining  the  average  values  for  natural  kokanee  reproductive 
success  which  are  critical  in  projecting  and  managing  the  recovery 
of  the  main  stem  spawning  run. 

A  final  research  report  will  be  prepared  by  the  end  of  BY  1985 
(September  30,  1985).  At  that  time,  all  results  from  the  study 
will  be  compiled  and  analyzed  and  any  daily  and  seasonal  adjust- 
ments of  the  present  Flathead  River  flow  recommendations  will  be 
made.  Evaluation  of  the  river  flows  will  continue  through  the 
1985,  1986  and  1987  spawning  years  in  a  much  reduced  form,  not 
requiring  a  project  biologist  on  the  river  portion  of  the  study. 
Final  study  recommendations  for  both  the  river  and  lake  portions  of 
the  study  will  be  made  by  March,  1988. 
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APPENDIX  A 


Kokanee  redd  counts  in  spawning  areas 
on  the  ma ins tern  Flathead  River , 
1979-1983. 

Redd  counts  for  the  South  and  Middle  Forks  of  the 
Flathead  River ,  Beaver  and  Deer lick  Creeks, 
and  the  Whitefish  River  during  1983. 


Table  1. 

Numbers  of  kokanee  redds 

counted  in 

late  November  of 

1979,  1980, 

1981,  1982  and  1983  in  , 

areas  of 

the 

Flathead  River  below  the 

South  Fork 

See  Appendix  E 

and  Fraley  and  Graham  (1982)  for  lo 

cations 

and 

descriptions 

of  spawning 

areas. 
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TOTAL 

2,802 

467 

7,853 

1,528 

6,683 

T7  Spring  influenced. 

2/  Limited  groundwater  or  spring  influence. 

3/  Beaver  dammed  during  1981. 

4/  Redds  found  after  late  November  redd  count. 

5/  Early  November  count  used  because  they  exceeded  late  Nov.  counts. 


A-1 


Table  2  .    Number  of  kokanee  redds  in  the  South  Fork  of  the  Flathead 
River  from  Devil's  Elbow  to  Highway  2  on  29  October 
1981,  12  November  1982  and  7  November  1983. 


River         Number  of  redds 


Spawning  area  description      Area        km  1981       1982  1983 


300-400  m  above  Highway  2 

1 

1.5 

45 

100^7 

805 

Whelp  Creek  area 

2 

2.6 

90 

0 

0 

Left  bank  of  big  bend 
across  from  Whelp  Creek 

3 

3.2 

140 

25 

9 

U.S.G.S.  gauge  area 
(left  and  right  banks) 

4 

5.5 

2 

43 

859 

Devil 1 s  Elbow 

5 

6.3 

___!/ 

32 

184 

TOTALS 

277 

200 

1857^ 

1/    Redds  found  after  November  count. 
2/    No  count. 

3/    An  .additional  297  redds  were  found  in  the  South  Fork 
below  the  Highway  2  bridge. 
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Table  3.     Number  of  kokanee  redds  counted  in  the  upper  Middle  Fork  of 
the  Flathead  River  on  20  and  22  October,  1981,  25  October, 
1982,  and  1  November  1983. 


River       Number  of  redds 


Spawning  area  description 

Area 

km 

1981 

1982 

1983 

Run    ahnvp           v  rniircp 
i\ula   a.       v  c    gun    luui  oc 

13 

8.6 

25 

o 

42 

Run  below  new  W.  Glacier  bridge 

14 

9.1 

35 

0 

0 

New  W.  Glacier  bridge 

15 

9.6 

51 

0 

0 

Run  below  old  W.  Glacier  bridge 

16 

10.7 

307 

0 

3 

First  run  below  canoe  dump  rapids 

17 

12.0 

360 

0 

6 

Last  tunnel 

18 

12.8 

95 

0 

0 

Second  hole  below  Lincoln  Cr. 

19 

16.0 

10 

0 

0 

19A 

0 

0 

9 

0 

Between  Deerlick  and  Harrison  Cr. 

20 

21.9 

7 

0 

9 

Mouth  Deerlick  Creek 

21 

22.4 

66 

44 

60 

TOTAL 

956 

53 

120 

Table  4.    Number  of  kokanee  redds  counted  in  the  lower  Middle  Fork  of  the 
Flathead  River  on  20  and  22  October,  1981,  26  October,  1982,  and 
20  October,  1983. 


River 

Number 

of  redds 

Spawning  area  description 

Area 

km 

1981 

1982 

1983 

First  run  and  pool  of  canyon 

1 

2.2 

140 

244 

10 

Second  run/pool 

2 

2.6 

230 

122 

4 

Third  run 

3 

2.9 

246 

0 

19 

Fourth  run 

4 

3.2 

170 

40 

10 

Fifth  run 

5 

3.5 

62 

0 

0 

First  hole  in  canyon 

6 

3.8 

62 

46 

0 

Sixth  run 

7 

4.5 

23 

0 

0 

Second  hole  of  canyon 

8 

4.8 

250 

0 

0 

Third  hole  of  canyon 

9 

5.1 

14 

57 

0 

Hole  at  tail  of  USGS  cable 

10 

5.9 

40 

4 

0 

Below  first  house  on  hill 

11 

6.9 

119 

60 

139 

Below  McDonald  Creek 

12 

7.4 

4 

125 

252 

TOTAL 

1,360 

698 

434 
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Table  5  .    Number  of  redds  counted  in  Beaver  and  Deerlick  creeks 

on  4  December  1981,  3  December  1982,  and  5  December  1983. 


Creek 

Number  of 

redds 

opaWiliny  area  tie  bCi  \  p  L  1  UM 

V  m 

Nil  1 

1981 

1982 

Deerlick  Creek 

Mouth  of  Deerlick  Creek  to 
noccasin  LreeK  river  access 

l 

0-.5 

y 

1 

Hwy  2  Bridge  to  Dalimata 
Bridge 

2 

1.0-1.5 

11 

1 

0 

udo    I  liic  n  usb  my  lu  nwy 

Dept.  shed 

■3 
J 

143 

14 

Beaver  Creek 

Run  below  ford  crossing  to 
beginning  of  creek 
(including  side  channel 
by  ford) 

1 

3.0-4.0 

516 

18 

0 

TOTAL 

718 

42 

1 

Table  6.    Number  of  kokanee  redds  counted  in  the  Whitefish  River 
on  19  October  1981,  22  October  1982,  and  24  October 
1983. 

River 

Number  of 

redds 

Spawning  area  description 

Area 

km 

1981 

1982 

1983 

Rose  Crossing  to  Birch  Grove 
Bridge 

1 

6.0-9.5 

265 

289 

103 

Birch  Grove  Bridge  to 
Tetrault  Bridge 

2 

9.5-13.0 

48 

421 

272 

Tetrault  Bridge  to  Hodgson 
Crossing 

3 

13.0-15.0 

41 

127 

118 

Above  Hodgson  Crossing 

4 

15.0-15.5 

59 

36 

37 

TOTAL 

413 

873 

530 
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APPENDIX  B 


Characteristics  of  the  fall,  1983  kokanee  fishery 
in  the  Flathead  River  system. 


Tables  1-16 


Table  1 .    Total  number  of  angler  party  interviews  and  completed 
trip  party  interviews  on  Sections  MS1-MS4  of  the 
Flathead  River  from  27  August  to  15  October,  1983. 


Iv  X  V  tr  1 

Oct  L1UL1 

MSI 

MS  2 

MS  3 

MS4 

Total 

Number  of  Interviews 

Shore 

13 

29 

7 

32 

81 

Boat 

75 

10 

7 

4 

96 

Total 

88 

39 

14 

36 

177 

Number  of  Completed  Trips 

Shore 

4 

5 

2 

14 

25 

Boat 

37 

3 

1 

1 

42 

Total 

41 

8 

3 

15 

67 

Percent  Completed  Trips 

47 

21 

21 

42 

38 

Table  2.     Percent  kokanee  anglers  in  sections  MSI,  MS2,  MS3  and  MS4 
of  the  Flathead  River  and  section  MF1  of  the  Middle  Fork 
from  27  August  to  15  October,  1983. 


Total  Interviews       Kokanee  Fisherman         %  Kokanee  Fisherman 


MS  1 

89 

75 

84 

MS  2 

39 

7 

18 

MS  3 

15 

3 

20 

MS  4 

36 

20 

56 

MF  1 

19 

18 

95 

B-1 


Table  3.     Angler  residence  from  179  party  interviews  conducted  on 
Sections  MSI -MS 4  of  the  main  stem  Flathead  River  from 
27  August  through  15  October,  1983. 


Angler  residence  Number  of  parties  Percent  of  parties 


Kalispell 

116 

65 

Other  Flathead  county 

47 

26 

Lake  County 

2 

1 

Missoula  County 

0 

0 

Other  Western  Montana 

1 

1 

Eastern  Montana 

2 

1 

USA  non-resident 

8 

5 

Foreign  (Canada) 

3 

2 
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Tahl  A  L 
ldU-Lc  H 

Catch  rates 

(number  of  kokanee  per  hour) 

for  all  anglers 

interviewed 

on  the 

mainstem  Flathead  Rive 

r  from  27  August 

to  15  October,  1983.     The  number 

of  kokanee  caught  is  in 

parentheses 

Catch  rate  (no. 

kokanee /hour ) 

Date 

MS  1 

MS  2 

MS  3 

MS  4 

All  Anglers 

OIL/ 

Q  /  O  1 

8/  31 

.72 

0 

0 

0 

(78) 

Q/l 

9/14 

.  44 

0 

0 

1 .81 

(88) 

(68) 

9/15  - 

9/30 

.57 

0 

0 

1 .28 

(30) 

(45) 

1U/  i  — 

10/15 

0 

0 

0 

.79 

— 

(13) 

.53 

0 

0 

1.48 

.56 

TOTAL 

(196) 

(126) 

(322) 

Kokanee  Anglers 

8/27  - 

8/31 

.80 

0 

0 

0 

(78) 

9/1 

9/14 

.49 

0 

0 

2.91 

(88) 

(67) 

9/15  - 

9/30 

.75 

0 

0 

1.80 

(30) 

(45) 

10/1  - 

10/15 

0 

0 

0 

.79 

(13) 

.57 

0 

0 

2.09 

.72 

TOTAL 

(196) 

(125) 

(321) 
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Table  5.    Mean  number  of  hours  (weighted  mean)  per  completed  angler  trip  by 
time  period  on  Sections  MS1-MS4  on  the  main  stem  Flathead  River 
and  Section  MF1  on  the  Middle  Fork  of  the  Flathead  River,  27  August 
to  15  October,  1983. 


Mean  hours/completed  angler  trip 


Ma ins t em 


Middle  Fork 


iime  period 

UP  1 

MO  A 

no6* 

iO  laj. 

MP1 

8/27  -  8/31 

shore 

4.7 

4.0 

- 

- 

4.5 

- 

Boat 

Q  o  I 

A  7 

Combined 

0  =  I 

4.U 

o  ■  U 

9/1    -  9/14 

Shore 

4.0 

6.0 

3.2 

3.3 

- 

Boat 

k,o  i 

/.  i 

H  .  I 

Combined 

4. 1 

1   0  J 

e.  A 

J. 2 

J  .  O 

y/15  =  y/30 

Shore 

1.3 

2.8 

2.4 

6.1 

Boat 

1.9 

4.8 

10.0 

10.0 

4.4 

7.0 

Combined 

1.9 

4.8 

4.2 

4.0 

3.6 

6.1 

10/1  -  10/15 

Shore 

2.5 

2.5 

3.0 

Boat 

Combined 

2.5 

2.5 

3.0 

TOTAL 

Shore 

4.5 

2.7 

2.8 

3.1 

3.2 

5.8 

Boat 

4.4 

4„8 

10.0 

10.0 

4.7 

7.0 

Combined 

4.5 

3.5 

4o6 

3.5 

4.2 

5.9 

Table  6.    Number  of  parties  using  each  terminal  tackle  type  on  Sections 

MS1-MS4  on  the  Flathead  River,  27  August  through  15  October,  1983. 


MSI 

River 
MS  2 

S-eutlon 
MS  3 

MS  4  ° 

Total (%) 

Bait 

7 

13 

3 

5 

28  (16) 

Fly 

0 

9 

4 

9 

22  (12) 

Lure 

11 

10 

4 

0 

25  (14) 

Combination 

71 

7 

4 

22 

104  (58) 

TOTAL 

89 

39 

15 

36 

179  (100) 
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Table  7.    Total  number  of  angler  party  interviews  and  number  of 
completed  trip  angler  party  interviews  on  Section  MF1 
of  the  Middle  Fork  of  the  Flathead  River  from  27  August 
to  15  October,  1983. 


Shore 

Boat 

Combi  ned 

Number  of  interviews 

17 

2 

19 

Number  of  hours 

69 

9 

78 

Number  of  completed  trip  interviews 

11 

1 

12 

Number  of  hours 

63.5 

7 

70.5 

Percent  completed  trips 

65 

50 

63 

Percent  Hours  -  Completed  trips 

92 

78 

90 

B-5 
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Table  12.  Estimated  monthly  kokanee  harvest  by  shore  anglers  only  on  the 
four  sections  of  the  mainstem  Flathead  River  during  1983.  The 
95%  confidence  limits  are  in  parentheses. 


F*  q  t"  "i  ma  t*  pH 

mimhpr^  of 

1  lUHiUC  1    O     \J  1 

k  nk ^npp  harvp^tpH 

in  \j  r\  a  1 1  c c    1 1  a  I  v  c  o  lcu 

Time  Period 

MSI 

MS2 

MS3 

MS4 

Total 

8/27  -  8/31 

2 

0 

0 

0 

2 

9/1    -  9/14 

0 

0 

0 

713 

713 

9/15  -  9/30 

0 

0 

0 

346 

346 

10/1  -  10/15 

0 

0 

0 

Total 

2 

0 

0 

1059 

1062  (±836) 

Table  13.    Estimated  monthly  kokanee  harvest  by  boat  anglers  only  on  the 
four  sections  of  the  mainstem  Flathead  River  during  1983.  The 
95%  confidence  limits  are  in  parentheses. 


Estimated 

numbers  of 

kokanee  harvested 

Time 

Period 

MSI 

MS2 

MS3 

MS4 

Total 

8/27 

-  8/31 

1020 

0 

0 

1020 

9/1 

-  9/14 

977 

0 

0 

977 

9/15 

-  9/30 

626 

0 

0 

0 

626 

10/1 

-  10/15 

0 

50 

50 

Total 

2623 

0 

0 

50 

2672  (±1346 

Table  14.  Estimated  kokanee  harvest  by  shore  and  boat  fishermen  on  the  lower 
Middle  Fork  of  the  Flathead  River  during  1983.  The  95%  confidence 
limits  are  in  parentheses  for  totals. 


Time 

Period 

Estimated 

numbers  of  kokanee 

harvested 

Shore 

Boat 

Total 

8/27 

-  8/31 

9/1 

-  9/14 

9/15 

-  9/30 

228 

271 

500  (+366) 

10/1 

-  10/15 

0 

0 

Total 

228  (+191) 

271  (+312) 

500  (+366) 
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Table  15.    Total  estimated  fisherman  pressure  in  hours  exerted  by  kokanee 
anglers  from  shore  and  in  boats  on  the  lower  Middle  Fork  of 

the  Flathead  River  from  27  August  to  15  October,  1983.  The 

95%  confidence  intervals  are  in  parentheses. 


Estimated  fishing  pressure 
(hours) 


Total 
dayl ight 


Time  Period 

Days 

hours 

Shore 

Boat 

Total 

8/27  -  8/31 

5 

67.5 

0 

0 

0 

9/1    -  9/14 

14 

189 

0 

0 

0 

a  /  i  r             r\  /in 

9/15  -  9/30 

16 

195.2 

207 

122 

329 

(+107) 

(+92) 

(+141) 

10/1  -  10/15 

15 

168 

42 

0 

42 

(+66) 

(+66) 

Total 

50 

619.7 

249 

122 

371 

(+126) 

(+92) 

(+156) 

Table  16.    Estimated  kokanee  harvest  by  all  anglers  on  the  four  sections  of  the 
mainstem  Flathead  River  during  1983.    The  95%  confidence  limits  are 
in  parentheses. 


Estimated 

numbers  of  kokanee 

harvested 

Time 

Period 

MSI 

MS2 

MS3 

MS4 

Total 

8/27 

-  8/31 

1022 

0 

0 

1022 

9/1 

-  9/14 

977 

0 

0 

713 

1690 

9/15 

-  9/30 

626 

0 

0 

346 

972 

10/1 

-  10/15 

0 

50 

50 

Total 

2625 
(+1341) 

0 

0 

1109 
(+843) 

3734 
(+1584) 
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APPENDIX  C 


Estimated  numbers  of  kokanee  fry  emigrating, 
flow,  and  water  temperatures  in  five  river 
system  spawning  areas  during  late  winter  and  spring,  1984. 


Figures  1-5 
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Fig.  1.     Estimated  numbers  of  kokanee  fry  emigrating, 
flow,  and  water  temperature  in  McDonald  Creek 
during  late  winter  and  spring,  1984. 
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Fig.  2.    Estimated  numbers  of  kokanee  fry  emigrating, 

flow,  and  water  temperature  in  Brenneman  Slough 
during  late  winter  and  spring,  1984. 
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Fig.  3.    Estimated  number  of  kokanee  fry  emigrating, 
flow,  and  water  temperature  in  the  Whitefish 
River  during  spring,  1984. 
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Fig.  4.    Number  of  kokanee  fry/lOOm    of  water  filtered, 
flow,  and  temperature  in  the  main  stem  Flathead 
River  near  Kalispell  during  1984. 
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Fig.  5.    Number  of  kokanee  fry/lOOm    of  water  filtered,  flow, 
and  water  temperature  in  the  Middle  Fork  Flathead 
River  during  spring,  1984. 
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